Quantum technologies could largely benefit from the control of quantum emitters in sub-micrometric size crystals. These are naturally prone to the integration in hybrid devices, including heterostructures and complex photonic devices. Currently available quantum emitters sculpted in nanocrystals suffer from spectral instability, preventing their use as single photon sources e.g., for most quantum optics operations. In this work we report on unprecedented performances of single-photon emission from organic nanocrystals (average size of hundreds nm), made of anthracene (Ac) and doped with 1 arXiv:1712.05178v2 [physics.app-ph]
In particular, DBT:Ac NCs exhibit bright and photostable single-photon emission at room temperature that is spectrally stable and almost lifetime-limited (50 MHz) at cryogenic temperatures. The combination of such properties is unique and opens the way to the use of organic NCs for quantum technologies and for single-photon applications in general.
Results and discussion
We adapted a simple, cost-effective and well-established reprecipitation method [48] [49] [50] [51] to grow Ac NCs doped with controlled concentration of DBT molecules (for details see the Experimental Section). In this procedure, a dilute solution of the compounds prepared with a water-soluble solvent (acetone, in our case) is injected into sonicating water where it divides into many droplets. The solvent gradually dissolves and correspondingly the concentration in the micro-doplets becomes super-saturated until the compounds, which instead are not water-soluble, are reprecipitated in the form of NCs. The size and shape of the resulting NCs can ideally be controlled by varying the thermodynamic conditions.
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For morphological and optical characterization, a drop of the suspension of NCs in water is deposited on a coverglass substrate and dried in desiccator. Typical scanning electron microscopy (SEM) and atomic force microscopy (AFM) images are displayed in Figures 1a and 1b, respectively. For some NCs it is possible to identify peculiar features of crystalline Ac -such as the hexagonal-like morphology -while others exhibit a round-like shape, possibly due to a few nm acetone-rich solvent cage. By analysing the AFM images of 92 NCs ( Figure   1d ), we deduce an average equivalent diameter of (113 ± 64) nm and an average thickness of (65 ± 13) nm, compatible with a platelet-like shape. Such values and shape are particularly promising for the coupling to evanescent fields in proximity to surfaces. 35 The crystalline (d) Statistical analysis on AFM images yielding a NC equivalent diameter and standard deviation of (113 ± 64)nm and an average thickness of (65 ± 13)nm. (e) Normalized XRD pattern in which only the peaks from the (001) plane and higher order reflections are well resolved, due to the NCs' platelet-like morphology (with c-axis perpendicular to the substrate).
The sub-micrometric size of the crystalline matrix may compromise the optical properties of DBT molecules embedded therein, due to strain within the crystal and imperfections at the interfaces. Indeed, besides the case of quantum dots, it was reported for other nanocrystalline systems that such effects determine fluorescence instability and linewidth broadening. 43, 55 We thus perform single molecules microscopy and spectroscopy on DBT:Ac NCs with a homebuilt epifluorescence scanning confocal microscope -described in details in the Experimental Section -that allows for both room and cryogenic temperature investigation.
At room temperature (RT), the sample is illuminated with a 767 nm continuous wave 
45,56,57
The brightness of the NC-based single-photon source is quantified by studying the saturation behavior of the system, non-resonantly pumped with the 767 nm-CW laser. Measurements are performed at different excitation intensities, scanning the sample under the confocal laser spot in the small region where the NC is located and detecting the red-shifted fluorescence with a single SPAD. From the obtained fluorescence maps the mean value within an area around the brightest pixel is extracted and corrected for the background counts, which is the mean value within an area out of the NC and is linear with the laser power.
Data are plotted as a function of the laser intensity I (black dots in Figure 2e ) and fitted with the function describing the saturation of the photon detection rate R(I):
with I s the saturation intensity and R ∞ the maximum detected count rate. For the molecule reported in Figure 2e the fit-procedure yields as free fitting parameters with the relative standard errors I s = (80±6) kW cm −2 and a maximum detected count rate R ∞ = (1.50±0.02)
Mcps. These can be considered as typical values. Accounting for the quantum efficiency of the SPAD, η det = 50%, the measured R ∞ corresponds to a collected photon rate of 3 MHz at the detector. Moreover, comparing this value with the theoretical one of 240 MHz related to the measured lifetime through the relation R ∞ (1/τ f ) and assuming unitary quantum yield, we estimate a total collection efficiency of our setup at RT to be around 1%, ascribed to the limited numerical aperture of the optics and their transmission combined with the molecule emission profile.
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In order to determine the alignment of DBT molecules within the Ac NCs, the emission from single molecules is detected by imaging the objective back focal plane (BFP) from which the angular radiation pattern can be deduced. ZPLs of PAH molecules can be distributed over a frequency range that can be smaller than 1 GHz in unstressed sublimated crystals and as high as 10 THz in polymers or amorphous materials. [61] [62] [63] We found that a DBT concentration about six orders of magnitude higher than the one proposed for RT characterization allows to spectrally select single molecules within our experimental full range of about 800 GHz around 784.6 nm. This will be discussed further on in the manuscript. 
Conclusions
In this work we demonstrate organic nanocrystals doped with quantum emitters, performing as efficient, photostable and scalable single-photon sources, at both room and cryogenic tem- A converging lens can be inserted in the excitation path to switch between confocal and wide-field illumination while a converging lens is added in the detection path before the EMCCD camera to study the wave-vector distribution of the light emitted by single DBT molecules via BFP imaging.
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